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Semi-automated D atabase D esign 
by the End-user
Abstract: An information system was developed to manage the data for a 
large number of research projects simultaneously. The system, called URIS, 
has facilitated the management of research data in an academic urological 
department. It enables end-users, who are not necessarily skilled computer 
scientists, to design their own databases semi-automatically, by supporting 
data entry screen design and the specification of research items. The system 
creates the database tables automatically after these activities. The specifi-
»
cation of research items is the most important but also most difficult part in 
this process.
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Introduction
The amount of data in modern hospi­
tals is increasing. The technology to 
support data management has becom e 
widely available during the last decades 
[1-3] and is increasingly used to m anage 
large amounts of medical data.
The need for computerized data 
management also increased in our 
department, for both clinical and scien­
tific research in urology. Small amounts 
of patient data can be stored in the hos­
pital information system (HIS), bu t a 
HIS is primarily meant to support daily 
patient care [4] and not to store 
research data. Therefore, tem porary 
information systems were often de­
veloped as ad hoc solutions for data 
management problems in new research 
projects. The users of these systems 
were mainly physicians, medical stu­
dents and data managers. Over time 
this ad hoc approach caused some diffi­
culties:
-  The development of new inform a­
tion systems became a very time con­
suming and expensive task of our 
biomedical engineering unit» espe­
cially because users could not adapt 
their system without the help of a 
system’s designer. The database 
structures of these systems often had 
to be changed during the lifetime of 
a study, due to misinterpretation of
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user requirements in item specifica­
tion by the system designer, or due to 
items overlooked by the researchers.
-  Difficulties also arose when a meta­
analysis had to be performed, caused 
by data storage in different systems 
and non-standardized item defini­
tion. Meta-analysis is an attempt to 
combine the results from different 
studies for a common research topic
[5],
-  The temporary information systems 
did not enable to enter data from dif­
ferent sites. This possibility can be 
very helpful in performing multi­
center studies, or processing data at 
different locations.
A standard system was needed to 
overcome these problems. System re­
quirements were defined in consulta­
tion with the users. The main require­
ments were:
-  The system should be able to trans­
fer database design from computer 
scientists to end-users via a user- 
friendly interface.
-  The system should be able to man­
age the data of a non-limited number 
of different research projects simul­
taneously.
-  Real-time data verification should 
be possible during data input or 
modification.
-  The system should be able to man­
age all kinds and types of data.
-  It should be possible to manage data 
of one project at multiple sites that 
are not directly inter-connected. The 
possibility of data management 
should not depend on site location or 
the availability of other sites.
In the literature, several clinical and 
research information and database 
management systems are described 
[1, 6-8]. Most of them focus on the col­
lection and use of clinical data for one 
or m ore clinical trials, and sometimes 
for individual therapy and research. No 
system, however, was found that could 
meet all the requirements described 
above.
We started the development of our 
URological Information System (URIS) 
in 1991. URIS enables to manage data 
for clinical usage and scientific research 
in urology, and involves end-users in 
the design of their own database struc­
ture. The system has been set up in a 
universal way, with potential applica­
tions outside urology.
W e discuss the development and 
application of URIS, focussing on semi­
automated database design by the end- 
user. In the next section, the develop­
ment environment, the system structure 
and the m ethod of semi-automated 
database design are described. The re­
sults and discussion section presents the 
evaluation of the current application of 
URIS and discusses the current pros
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and cons of the system with respect to 
database design and modification, data 
validation and data analysis.
Material and Methods
Development E nvironm ent
Personal computers were chosen as 
the platform for URIS, as is also done in 
many similar projects on data manage­
ment [7, 9, 10]. URIS is based on the 
Microsoft® Foxpro® 2.5 for MS-DOS® 
database management system.
System Structure
The URIS structure exists of a logi­
cal and physical part, strongly inter-re- 
lated. The logical system structure de­
scribes the logical connection between 
the different research projects of which 
data are stored in URIS. The physical 
system structure describes the distribu­
tion of these research projects over dif­
ferent PCs. URIS is described in detail 
with emphasis on the logical structure. 
The physical system structure is only 
described briefly, as this is outside the 
scope of this article.
Logical Structure
The logical structure of URIS exists 
of different parts. A  part is called a proj­
ect and is an environment used for data
»
management of a single research proj­
ect. A  tree structure, as shown in Fig. 1, 
is used to connect these projects. This 
tree defines the logical structure in 
which a parent project can access data 
stored in its children.
The root of the logical structure is 
also a project and is used to maintain 
the URIS structure. Only the URIS 
system manager has access to the root 
project to control this hierarchy. The 
tree structure can be expanded and 
pruned. If data management is required 
for a new research project, a new proj­
ect is appended by the system manager 
to the tree with the help of the root proj­
ect. A new project cannot immediately 
be used for data management. Project- 
specific research items have to be speci­
fied first. This is described below.
The root project can also be used to 
prune the tree by removing finished 
projects. Projects removed from the 
tree can be restored simply, provided 
that these projects are backed-up care­
fully. Restored projects can be used 
again for data management.
Physical Structure
The physical system structure de­
scribes the distribution of the logical 
structure among different sites. Those 
sites are also organized in a tree struc­
ture in which the root is the main site. A 
project can be located at one or more 
sites, except for the URIS main project, 
without the need of a direct connection 
between those sites and the presence of
the total logical structure at the same 
site.The only restriction is that if a p ro ­
ject is found at one site then all child 
projects should also be found at that 
site. The U R IS  m ain project, and conse­
quently the  to tal logical structure, is 
only found at the main site. A  special 
update algorithm  provides for data  
exchange betw een the different sites 
for which diskettes, telephone lines 
and netw ork connections can be used.
D atabase D esign
End-users should specify the re ­
search items before their projects can 
be used for data  m anagem ent. U R IS  
automatically creates the necessary 
database tables based on these specifi­
cations. This way of database design has 
several advantages:
-  M isinterpretation of user require­
ments in item specification is avoided.
-  T he problem  of time-consuming 
developm ent of new inform ation 
systems for new studies is solved, 
because the desired database tables 
will automatically be created by the  
system after item specification. This 
means that p a rt of the time needed 
to design a totally new inform ation 
system is shifted, to the end-users. 
M ore time is saved by the au tom ated  
creation of new projects by URIS.
-  U niform ity is obtained  in the devel­
opm ent process of database design, 
also leading to uniformity in data  
storage, especially when standard­
ized item  specification can be en ­
forced for recurring research items. 
D a ta  stored in U R IS can be split into
two groups: A' distinction is m ade 
betw een identification data and addi­
tional data. Identification data  are da ta  
to recognize, e. g., a single patient in a 
group of patients. In U R IS  several 
groups of objects, called classes can be 
used. This m eans that U R IS is not r e ­
stricted to patien t-re la ted  da ta  only.
Identification data are stored in glo­
bal tables, one per class, accessible for 
all projects in th e  project tree. Patients 
in U R IS are identified by the following
items:
-  unique num ber in URIS,
-  unique num ber at the  local site,
-  hospital inform ation system code,
-  hospital code (in case of m ulti-center 
trials),
Fig. 1 Example of the logical URIS structure. Each part of URIS to be used for research 
data management is called a project. These projects are organized in a tree structure, 
which is the logical URIS structure.
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Table 1 Current list of item types with corresponding additional attributes.-  surname,
-  first name,
-  initials,
-  date of birth,
-  gender.
When a new patient is entered at one 
site, a local unique num ber is attached 
to that patient. The value of this num­
ber is the last distributed local unique 
num ber at that site to a patient, plus 
one. During updates, the  patient is 
made known to U R IS and also receives 
a unique URIS num ber from  the main 
site. The need for two unique numbers 
instead of one is due to the indirect con­
nection between the  different sites.
Additional data are, for example, re­
search data collected during a clinical 
trial and are stored in tables of the proj­
ect databases. A project database can 
be divided into the following groups of 
tables: item tables, screen tables, and 
data collection tables. T he item tables 
contain information about the specified 
project items. The screen tables contain 
information about the construction of 
the input screens in relation to the spec­
ified items. The structures of the data 
collection tables are based on the infor­
mation in the item tables and contain 
the entered or edited data related  to 
one class. Several data  collection tables 
can be used within one project. If, for 
example, the project had been  set up to 
manage data of a clinical trial, different 
data collection tables can be used to 
store data collected during different fol­
low-up visits. No patient has m ore than 
one record in a data collection table.
If a patient is included in one or 
more trials, the identification data  are 
stored centrally in the global patient 
table. The specific trial data are stored 
in the data collection tables of the cor­
responding project databases. The 
unique numbers provide relations 
between the global and data  collection 
tables.
End-users are involved in the design 
of the data collection tables, consisting 
of three stages: (1) Input screen design; 
(2) Item specification; and (3) A u to ­
mated table creation.
Input Screen Design
During this phase the end-user con­
structs the input screens for his or her 
project. Screen design in U R IS  implies
Item Type Additional Attributes
String None
Integer Upper warning limit
Lower warning limit 
Upper error limit 
Lower error limit
Real Upper warning limit
Lower warning limit 
Upper error limit 
Lower error limit 
Position floating point
Date None
Memo None
Choice Valid characters
List Option list
Calc Calculated expression
only the creation of text. The input 
fields are indicated by special charac­
ters, and each input field corresponds to 
one of the research items. The number 
of characters specifies the length of the 
corresponding item.
The screens can be designed inside as 
well as outside URIS. Externally de­
signed screens can be imported into 
URIS. This enables the screen design­
ers to use the text editors they are ac­
customed to. Previously designed ques­
tionnaires can also be imported, which 
means that these paper forms and relat­
ed  data entry screens can be designed at 
once.
Item Specification
The information on item specifica­
tion is stored in the item table. An item 
behind an input field is specified by at 
least its name, description, and type. 
These item characteristics are the main 
attributes of an item. The item attribute 
name is a unique name that is used 
later as a field name in the data collec­
tion table. The item attribute descrip­
tion describes the meaning of this item 
in further detail. The item attribute type 
specifies the nature of an item.
Depending on the item type attrib-
Description
A series of characters (max. 75) 
Examples: surname, address
An integer number 
Example: age
A real number with a floating decimal 
Examples: laboratory result, length
A calendar date 
Example: date of birth
A series of free-text characters 
(no maximum)
Example: comment
A character
Example: married # (Y/N)?
A series of characters (max. 75). The 
value is chosen from a list of options. 
Example: medical treatment
The value is calculated from values of 
other items.
Exampie: score
ute, additional item attributes have to 
be specified. These additional attributes 
are used during data entry or modifica­
tion, for example in data verification. 
Each item type has its own specific 
additional attributes and its own soft­
ware procedures to deal with items of 
that type. New item types can be added 
to URIS by the system programmers. 
Table 1 gives an overview of the current 
item types and the additional attributes.
During this phase the user can also 
select standard items or already defined 
items. Standard items can be research 
items often used in research projects. 
Already defined items were already 
specified beforehand for that project. In 
clinical trials, for example, an item can 
recur during different follow-up visits.
Database Creation
After item specification, the data col­
lection tables are created automatically 
by the system. The item table is used as 
structure description. The field names 
of the record structures correspond 
with the names of the specified items. 
The first fields of a record contain the 
unique numbers that point to a record 
with identification data in the corre­
sponding global table.
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Database Modification
Once the data collection tables have 
been created, data can be stored. The 
structure of these tables can be modi­
fied if necessary. This modification pro­
cedure is similar to the design proce­
dure. The screen editor is used to add, 
modify, or remove items.
New items can be included by adding 
new input fields to the input screens. The 
items behind these fields have to be spec­
ified before the data collection tables can 
be modified. This then follows the same 
process as described above. The addition 
of new items is possible anytime, even if 
data have already been stored.
Editing items means the adjustment 
of item attributes. The adjustment of 
item attributes is not possible when this 
affects already stored data. In this way, 
modification of already specified items 
will not have consequences for the spe­
cific research results.
Items can be deleted by removing 
the corresponding input fields from the 
input screens. Items cannot be deleted 
if data related to these items have al­
ready been stored. In this case, the cor­
responding input fields can be removed 
from the input screens, but the data still 
remain in the data collection tables.
Results and Discussion
At this moment URIS is managing 
30 projects, including the URIS main
project. The latter project is not used 
for data management, but to maintain 
the system structure. URIS is most fre­
quently used by researchers of the  trial 
office of our department. This unit per­
forms clinical and scientific research on 
medical treatments. Research topics in­
clude urological oncology, antibiotics, 
incontinence, impotence, and benign 
prostatic hyperplasia (BPH) [11, 12], 
O ther projects, used for data m anage­
ment outside the trial office, concern re­
search topics such as pediatric urology 
and electrostimulation of the bladder 
[13]. Most data managed by U RIS proj­
ects are patient-related data. At 
present, research data of m ore than 
3400 patients are managed in 26 proj­
ects. Research data of about 10% of 
the patients are stored in two or more 
projects (Fig. 2). The current average 
number of patients in a project is 153 
and increases up to 828.
The addition of a new project to the 
project tree by the system manager 
takes only a few minutes. Before this 
project can be used to manage data, the 
data collection tables have to be de­
signed first by specifying the research 
items. The current number of specified 
research items for a project ranges 
between 21 and 1091 (average 363). The 
time for input screen design and item 
specification of an average project de­
pends on the number and complexity of 
the research items and the experience 
of the user with the URIS interface. 
The time to specify an item is about one
minute. The nam e, type, description 
and additional attributes of the item are 
specified during this time. This specifi­
cation is checked during data entry after 
the data  collection tables have been 
created by the system. The average time 
for input screen design and item  specifi­
cation of an average project (360 items) 
is thus the tim e needed to design the 
data entry screens plus 360 times 1 min­
ute. This m eans that about one or two 
working days are needed to prepare a 
project for data  m anagem ent. In com­
parison, the Lime to design a totally new 
inform ation system, involving database 
and  software design, usually took  sever­
al weeks.
It should be no ted  that this m ethod 
requires m ore effort by the end-users in 
database design. However, they can 
now design and modify the data  entry 
screens and structures of the database 
tables w ithout the  help of the  system 
manager. The tim e they had to wait for 
a com puter expert for inform ation 
system design and modification is now 
saved.
The time of da ta  collection table d e ­
sign is m ore accelerated in projects 
dealing with storage of follow-up data, 
requiring the sam e items during differ­
ent patien t visits. In these projects, the 
input screens can be divided into 
subscreens that are duplicates of each 
other. By specifying the item s for one 
subscreen, the items of the o ther sub­
screens are also specified. T h e  data are 
stored in different da ta  collection tables 
to keep  data of different follow-ups 
apart. Each table corresponds to one 
subscreen.
It is also possible to “recycle” al­
ready designed data entry screens and 
corresponding items of an earlier proj­
ect into a new project. This m eans that 
(adapted) copies of the screen table and 
the  item  table of an earlier project are 
transferred  to the new project. A  disad­
vantage is that this can only be  done by 
the system m anager of U R IS , because 
the  U R IS  softw are does not yet support 
this possibility.
M ost data  sto red  in URIS are  clinical 
trials data. A  prob lem  with clinical trials 
is tha t often m any items have to be 
specified and m any complex hierarchi­
cal relationships exist betw een those 
item s [14]. This is also a problem  in 
U RIS. A  patien t m ay visit the clinic
Fig. 2 Current distribution of patients among different projects. If research data of a 
patient are stored in a project then this patient is said to be found in this project. Several 
patients are found in none of the projects, since these patients were present in projects that 
were removed from the logical structure of URIS, or were removed from current projects. 
About 10% of the patients were found in two or more projects.
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one or more times during a clinical trial. 
During a visit an item can be de ter­
mined several times, e. g., the  bladder 
contents before and after urine flow.
URIS offers several possibilities to 
store this kind of data. Screens can be 
divided into subscreens in which each 
subscreen is used for data entry of, e. g., 
a visit, or a screen is used to  en ter data 
from different visits. The structure of 
the data entry screens has consequences 
for the item specification and, thus, the 
table structures.
In one screen, items cannot have the 
same name, because the item names 
correspond to the field names in the re ­
search data collection table. Two input 
fields, however, may relate  to the same 
item, but the value en tered  in one field 
will also appear in the o ther field. 
Therefore, if the values for b ladder con­
tents before and after urine flow are  en ­
tered into one data entry screen, the 
item names behind the input fields 
should have different nam es, for exam ­
ple “contents J d” (bladder contents be- 
fore) and “contents_a” (bladder con­
tents after). In fact, two different items 
are specified representing an item that 
is entered at two different points in 
time. The use of different item names 
for the same item should be considered 
during data analysis.
Item specification can be accelerated 
by using standard urological items. In 
URIS, an item can be specified by copy­
ing the attributes of an already specified 
item. If, for example, a standard  item  is 
“bladder contents”, then the previously 
mentioned items “contents_b” and 
“contents_a” can be specified by copy­
ing the attributes (type, description, 
additional attributes) of this standard 
item. A  table with standard  items 
should be accessible for all projects du r­
ing item specification. This table can be 
used to create new item  tables, leading 
to a standardization in item  specifica­
tion of items frequently used. This may, 
for example, lead to a m ore  reliable 
data correlation betw een different p ro j­
ects. At present, such a table has been 
constructed with only a limited num ber 
of standard items. W e in tend to analyze 
the currently specified items in U R IS  
projects and the frequency of their 
occurrence in different projects.
The data collection tables are c rea t­
ed automatically by the  system after
item specification. The creation time of 
a table depends on the number of items 
and takes typically less than one min­
ute. Subsequently, the user can start 
data entry.
Data structures in the medical do­
main often require complex checks to 
guarantee data integrity [15]. In medi­
cine, data integrity is important to war­
rant safety. Data errors may lead to 
false conclusions during data interpre­
tation, which may cause a wrong diag­
nosis or unfavorable treatment proto­
cols, The possibility in URIS to increase 
the number of (complex) item types and 
their additional attributes enlarges data 
integrity, because data can be better 
checked with respect to their validity 
during data input and modification. 
This validity check, however, is still 
limited to data entry and editing only. 
There is no control on data consistency 
between two projects, except for iden­
tification data.
Output facilities are incorporated in 
URIS as well. Firstly, a report generator 
is available that is based on the Foxpro® 
report generator. Report frames can be 
created to generate reports with select­
ed data. Simple statistical data analysis 
is available such as the computation of 
means, variances and standard devia­
tions. The reports can either be printed 
or stored as ASCII files. The created re ­
port frames can be saved, modified and 
re-used. A problem is that the use of the 
report generator requires some experi­
ence. Secondly, the user can create 
tables that contain selected data from 
one or more projects. These tables are 
called output tables. The contents of 
these tables can be used as input for, 
e. g., statistical software packages. This 
also applies for data in the reports 
stored as ASCII files. Often, the output 
tables contain data that have to be ana­
lyzed by the medical statistics depart­
m ent of our hospital.
The URIS output facilities may seem 
to be limited, but appear to be sufficient 
for the current applications. In the fu­
ture, we want to extend the system with 
graphical possibilities, e. g., to display 
time-dependent items.
URIS has facilitated data manage­
m ent of clinical and scientific research 
at our department although some limi­
tations still exist. By using automated 
tools for data management, research
projects are realized within a reason­
able time. There is no limitation to the 
num ber of projects that can be handled 
by URIS. Research data remain acces­
sible for other researchers, because data 
management is standardized. End-users 
can design and adapt their own data col­
lection tables, without intervention of 
computer experts. Although not de­
scribed here, data can be entered from 
different locations without the need for 
a direct connection to those sites. Spe­
cial methods avoid problems of incon­
sistency in the data collection table 
structures at different sites, which can 
be caused by allowing these structures 
to be modified by the end-users.
O ne problem has not yet been men­
tioned. It appears to be difficult for 
most researchers to determine the most 
relevant study items beforehand. Table 
structures are often modified because 
of this, Therefore, special attention 
should be paid to the importance of 
well-prepared research protocols, in 
which the determination of relevant 
study items is an important part. To 
standardize research design, a system 
will be developed, not restricted to clin­
ical trials [16], to support the specifica­
tion of the most important research 
items for URIS.
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